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I . IJork Accomplished 

The p r i n c i p a l  i n v e s t i s a t o r  v a s  o u t  cf  t h e  c o u n t r y  du r ing  

t h r e e  months of t h e  g r a n t  p e r i o d  r q o r t e d  $ e r e ,  t h e r e f o r e  a 

three-month e x t e n s i o n  of t h e  : r a n t  p e r i o d  w i t h o u t  a d d i t i o n a l  

funds  was r eques t ed  and r ece ived .  Tile work through AuTust r e -  

p o r t e d  h e r e  thus  r e p r e s e n t s  a r e l a t i v e l y  modest a d d i t i o n  t o  

t h e  accumulated t o t a l .  Durinf t h i s  t i n e  a major o b j e c t i v e  of  

t h e  wori; con t inued  t o  be t h e  sc!Jarat ion of microsco? ic  cosmic 

m a t e r i a l  from ocean sediments  . The c o l l e c t i o n  ani! examinat ion 

of  t r a w l  s a n p l e s  was con t inued  and f u r t i l e r  p r o g r e s s  was made 

on t echn iques  of mic roana lys i s  o f  i i ici ividual g r a i n s  by nonde- 

s t r u c t i v e  n e u t r o n - a c t i v a t i o n  i r radicLtion.  These a c t i v i t i e s  

are d i s c u s s e d  i n  more d e t a i l  below. 

A. Magnetic and non-aagne t i c  s e ? a r a t i o n s  on f l o w - i n  samples.  

I n  a l l ,  w e  have now processed  f l o w - i n  samples from e i g h t  

d i f f e r e n t  geographic  p o i n t s .  

In t h e  l s s t  r e p o r t  i t  was n o t e d  t h a t  t h r e e  t r a n s p a r e n t ,  

a p p a r e n t l y  g l a s s y ,  nonmagnetic s p l e r u l e s  of  n a t u r a l  o r i g i n  had 

been found i n  t h e  magnet ic  * t r a c t i o n  o f  f l o w - i n  inud from one s i t e  

on t h e  a b y s s a l  ? l a i n  of t h e  Arzengine Uasin. S i m i l a r  s p h e r u l e s  

have been r e p o r t e d  i n  t h e  d u s t  r e s idue+  fodnd i n  a n c i e n t  i c e  

by o t h e r  workers  and it  was p l e a s a n t  t o  be  a b l e  t o  n o t e  t h e i r  

r ecove ry  a t  t h i s  l a b o r a t o r y  a l s o .  I t  i s  now almost  c e r t a i n ,  

.4. 

* ?  
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however, t h a t  t h e s e  t r anspa re i* t  sphe ru le5  r e s c l t  from a r t i -  

f i c i a l  contaminzt ion  o f  t h e  sanvle ,  2nd h a w  n o t h i n g  t o  do 

w i t h  t h a t  f r a c t i o r i  o f  t h e  sediment t h a t  i s  cosmic i n  o r i g i n .  

This  c a s t s  doubt on t h e  o r i g i n  of t h e  o t h e r  t r a n s p a r e n t  s p h e r -  

u l e s  t h a t  have been r e p o r t e d ,  and t h e  fo l lowing  d e t a i l s  should  

be c a r e f u l l y  cons ide red  by o t h e r  workers  i n  t h i s  f i e l d .  The 

---- - ------- --- 

- - --I--*- --- 
-- 

s p h e r u l e s  a r e  p e l l e t s  of ion-exchange r e s i n  t h a t  have been 

i n t r o d u c e d  i n t o  some of t h e  samples d u r i n g  c l e a n i n g  and exam- 

i n a t i o n .  

produced by C r y s t a l  Research L a b o r a t o r i e s ,  Inc.  E I i a r t f o r d ,  

Connec t i cu t .  

hzJ  been used i n  p r o c e s s i n g  tile sediment  sample fro12 which t h e  

t r a n s p a r e n t  s p h e r u l e s  were recovered ,  showed t h a t  t ae  ion-exchange 

r e s i n  was i n  t h e  form of  n i l l i o n s  o f  t i n y ,  t r a n s ? a r e n t ,  p e r f e c t  

s p h e r e s  which were i n d i s t i n q u i s n a b l e  from t h e  t r a n s n a r e n t  s p h e r -  

ules t h a t  had been found i n  t h e  magnet ic  f r a c t i o n  o f  t h e  sediment .  

This  s o u r c e  of contaminat ion  was found a f t e r  z t t e m p t s  t o  ana lyze  

t h e  s p h e r u l e s  by n e u t r o n  a c t i v a t i o n  f a i l e d  t o  i n d i c a t e  t h e  p r e s -  

ence o f  rock-forming e lements .  These d a t a  a r e  d i s c u s s e d  i n  Sec-  

t i o n  D. 2 .  

They a r e  found i n  Deeminac brand ion-exchange f i l t e r s  

Examination o f  one o f  t h e s e  c a r t r i d g e s ,  which 

B. P o l i s h e d - s e c t i o n  examinat ions .  

Th i s  remains a p a r t  o f  t h e  r e s e a r c h  program b u t  n o t h i n g  was 

done on i t  d u r i n g  t h e  p e r i o d  of t h i s  r e p o r t .  
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C ,  Trawling c o l l e c t i o n s .  

Results of argon m a l y s i s  on f i n e - g r a i n e d  magnet ic  s e p -  

a r a t e s  from red  c l a y  have been r e p o r t e d  by Fierrihue,  

r e s u l t s  , on t r a w l  m z t e r i a l  s u p p l i e d  by t h i s  l a b o r a t o r y ,  i n d i -  

c a t e  t h a t  t h e  argon n o s t  f i r m l y  f i x e d  i n  t h e  c r y s t a l  s t r u c t u r e  

of t h e  g r a i n s ,  i , e , ,  t h e  argon r e l e z s e d  d u r i n g  t h e  l a s t  s t a g e  

of  h e a t i n g  i n  t h e  range 1 2 0 0 - 1 4 0 0 ° C ,  i s  s i g n i f i c a n t l y  l i g h t e r  

t han  p resen t -day  t e r r e s t r i a l  argon,  because of a c h a r a c t e r i s -  

t i c a l l y  h i c h c r  A36/A40 ,  I t  seemed l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  

magnetic f r a c t i o n  of r e d  c l a y  sam7les c o n t a i n s  arzon of cosmic 

o r i g i n  i n  d e t e c t a b l e  amounts. These r e s u l t s  have now been 

checked and confirmed by Xerr ihue  and T i l l e s ,  

His 

S u i t e s  o f  l a r g e r - g r a i n e d  maenet ic  m a t e r i a l  have been c o l -  

Pre-  l e c t e d  from twen ty - f ive  b i o l o , - i c a l  bo t tom-t rawl  samples ,  

l imir?ary examinat ion of t h i s  m a t e r i a l  i n d i c a t e d  t h a t  i t  c o n s i s t s  

of r u s t  scale from t h e  t r a w l ,  g r a i n s  of magne t i t e ,  q u a r t z  g r a i n s  

wi th  magnet ic  i n c l u s i o n s  , heavy m i n e r a l s  , and u n i d e n t i f i e d  

opaque b l ack  g r a i n s .  

m a t e r i a l ,  which i s  c e r t a i x l y  i n  ? a r t  (and probably  a l l )  o f  ter-  

r e s t r i a l  o r i g i n ,  g i v e s  d i f f e r e n t  arRon r e s u l t s ,  and samples a r e  

being submi t t ed  t o  i’lerrihue f o r  t h e s e  d e t e r m i n a t i o n s ,  I f  t h e s e  

probably  t e r r e s t r i a l  n a g n e t i t e  g r a i n s  show t h e  sane  h igh- temper-  

a t u r e  argon anor-ialy i t  could  i n d i c a t e  t h a t  t hey  c r y s t a l l i z e d  

i n  an atmosphere containizig l e s s  A4* t h a n  a t  p r e s e n t .  

do n o t  show t h e  anomaly the s u p p o s i t i o n  o f  t h e  p re sence  of a 

cosmic f r a c t i o n  i n  t h e  n a g n e t i c  r e d - c l a y  s e p a r a t e s  would b e  

s t r e n g t h e n e d .  

I t  should be i n t e r e s t i n g  t o  see i f  t h i s  

I f  t h e y  

I 
I 
I 
I 
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D. R a d i o a c t i v a t i o n  a n a l y s i s  

1. C a l i b r a t i o n  of  f a s t  -VS sLm- f l u x  i r r a d i a t i o n s .  

I n  t h e  p rev ious  r e p o r t  i t  113s shown t h a t  s m a l l  samples 

o f  m e t a l l i c  a lun inun  could  be  i r r a d i a t e d  i n  t h e  p re sence  o f  i r o n  

f o r  f i v e  minutes  a t  a d i s t a n c e  of 10" above t h e  t o y  o f  t h e  

r e a c t o r  co re  wi thou t  caus ing  a d e t e c t a b l e  FeSG ( n , p )  binS6 

r e a c t i o n  wh i l e  a t  t h e  scime t i n e  produciny a p n r e c i a b l e  A1 2 8  

f r o n  t:ie A 1 2 7  ( n , y )  A128 r c a c t i c n .  I t  was concluded t h z t  

amounts of A 1  as sma l l  as 9 . 0 1 2  rry would be  b a r e l y  d e t c c t a b l e  

under  these c o n d i t i o n s .  Xuns have iiov been made f o r  1 0  min- 

u t e s  a t  19" above t h e  t o n  of  t h e  c o r e  wi th  a s e r i c s  of SCT- 

p l c s  much s n a l l e r  t h a n  t h e  c i i r l i e r  s e t  b u t  s t i l l  contz . ining nore 

A 1  t h z n  t h e  p r e d i c t e d  loirer li-it of 3.012 "6 f o r  t h i s  g o s i t i o n .  

Xesu l t s  were 2.u: l i ta t ive b u t  !lot n u P n t i t n t i v e  ( see  Table  I) arid 

i t  i s  c l e z r  t h a t  i r r a d i a t i o n s  of  szill szm--lles must be  t r i e d  

c l o s e r  t o  t h e  co re .  

Table  I :  Connarison o f  r e s u l t s  i n  ana lyz iny  f o r  A l .  

A l l  s a m l e s  Lad ten-mi:iute i r r a d i a t i o n s  t e n  inches  

aoove t o p  o f  r e z c t o r  co re .  

Sanyle  T o t a l  w t .  A I  (mg) A 1 2 *  Count @ t o  Counts/min. /mg 

ssw1 8.03 25,093 3053 

SS8 5.42 26,039 4797  

SSG 4 . 7 1  1 6 , 5 0 0  3502 

ss7 4.68 14,330 2991 

SS13 4.23 1 5 J  )O 3 5 4 6  
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The szme samples a l s o  container!  !4: i!i vZryirii7 m o u n t s  b u t  a 

check o f  t h e  decay of  9 - 1 0  minute 

even more d i s c o u r a g i n z .  I n  t h i s  ca se  t h e  i n 2 r e c i s i o n  o f  t h e  

r e s u l t s  m i p h t  be  imyroved by i r r a d i a t i o n  ove r  s e v e r a l  h a l f -  

l i v e s  of t h e  daugh te r  product  o r  by b e t a  count ing .  

a t  the  0.84 Mev peak was 

2 .  Composi t ional  s t u d i e s  on unknowns. 

A ,;roup of c l e a r ,  t ransylarent  s p h e r u l e s  had been 

c o l l e c t e d  and i t  was thouziit  they  were n a t u r a l  i n  0 r ig j . a .  

I r r a d i a t i o n  and coun t ing  o f  a 150-r:iicron and a 230-micron 

specimen, however, f a i l e d  t o  i n d i c a t e  t h e  ? re sence  of Fe, Mg, 

Na, A l ,  o r  S i  ( s e e  F i T .  1). A spectrum of an undoubtedly 

s i l i c e o u s  300-micron n a t u r a l  s r h e r u l e  i s  g iven  i n  F i p .  2 f o r  

comparison. Tne 1071 r e a c t i v i t y  o f  t h e s e  o b j e c t s ,  conbined 

w i t h  t h e i r  F?hysical appearance,  su:;Testcd some type  of r e s i n ,  

and t h e i r  sou rce  was found t o  5e a contaminant  as o u t l i n e d  e a r -  

l i e r .  As of t h e  d a t e  of this r e p o r t ,  t h e  s p h e r u l e  whose spectrum 

i s  g iven  in Fig .  2 remains t h e  only  s i l i c e o u s  s p h e r u l e  of  p ro -  

b a b l e  cosmic o r i g i n  r e p o r t e d  from ocean sed imen t s ,  Photos of 

t h e  con tamina t ing  s p h e r u l e s  and of  t h e  n a t u r a l  s i l i c e o u s  sphe r -  

ule  a r e  g iven  i n  F igs .  3 a d  4 ,  r e s y e c t i v e l y .  



F i g .  1 ,  I r r a d i a t i o n  spec t rur !  o f  a - t rans:~arent  s p i e r u l e  231) microns 

i n  d i a n e t e r  found i n  t h e  r a : p e t i c  c o l l e c t i o n s .  Absence of 

peaks a t  channe l s  2 8 ,  4 7 ,  and 53 i n d i c a t c  aSsence of  Fe, YE, 

J a ,  S i ,  and -41 i n  t h e  s;)Lerule,  t h e r e f o r e  i t  csnnot  3e a 

s i l i c e o u s  g l a s s .  Five Ytinute i r r 2 d i z t i o n ;  one minute count .  

3eEinning of  count  1 2 . 5  rnirrutes z f t e r  end of  i r r a d i a t i o n .  

Fezits u n i d k i i t i f i e 3 .  

Fig.  2 .  I r r a d i a t i o n  spectrum of a t r a n s p a r e n t  s? ; ic ru le  300  microns 

i n  d i ame te r  f r o x  ocean sediwteats. .:ate Yrczinent  peaks a t  

channels  2 5 ,  4 7 ,  2nd 5 9 ,  i n d i c a t i n p  yresence  o f  Fe and/or  :,??, 

d a ,  arid S i  anil lor A 1 .  T h i r t y  second i r r e d i a t i o n ;  one iniilute 

c c u n t .  Beginnine of  count 1 4  minutes  a f t e r  end of  i r r a d . i a t i o n ,  

P!ote t h a t  t h e  two s ? e c t r a  of Fi?; .  1 and F i g .  2 a r e  comple te ly  

d i s s i n i l a r .  
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Fig .  3 .  T r a n s ? a r e n t  s ?he ru le s  d e r i v e d  from ion-exchange 
c a r t r i d g e .  

F i g .  4 .  Siliceous spheru le  of F i g .  2 .  
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I I .  3 ib l ioPraphy  

A. Paper  r e s u l t i n g  from p r o j e c t  r e s e a r c h .  

Wil l iam A. Cassidy,  "Nondestruct ive Neut ron-Act iva t ion  

Analysis of  Small  P a r t i c l e s , ' !  Annals,  N.Y. M a d .  S c i .  1 1 9 ( 1 ) ,  

318-38, 1964 .  (Twenty-two cop ies  o f  t h i s  paper  have been 

forwarded t o  t h e  Technica l  Reports O f f i c e r ,  Grants  E Research 

C o n t r a c t s  D iv i s ion . )  

- - 

B. Papers  r e l a t e d  t o  p r o j e c t  r e sea rch .  

1. ? i l l i a m  A. Cassidy,  "Experimental  Data Bearing on 

Ques t ions  of Cosnic Dust Genesis," Annals,  i.i.Y. Acad. S c i .  

119(1 ) ,  17-40, 1964. ( R e p r i n t s  a v a i l a b l e  from Author) .  

- - 

2 .  Y i l l i a m  A. Cassidy, "Re2os-t on Conference on Cosmic 

Dust," Sc ience  144(3623) ,  1 4 7 5 - 7 ,  1964. ( R e p r i n t s  a v a i l a b l e  

from Author) .  

3 .  Cosmic Dust William A. Cass idy  ed., N.Y. Acad. S c i , ,  -* 
N.Y. ,  368 p p . ,  1964, (Copies a v a i l a b l e  from t h e  Academy), 

4. Will iam A. Cass idy ,  "Cosmic Dust ," (encyclopedia  e n t r y  

i n  p r e p a r a t i o n ) .  

5, Wi'lliam A. Cass idy ,  l t ? : i c r o n e t e o r i t e s  , I 1  (encyclopedia  

e n t r y  i n  p r e T a r a t i o n ) .  
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11 I ,  P ro jec t ed  Jo rk  

A. Magnetic and non-magnetic s e o a r a t i o n s  on f l o w - i n  sainTles. 

Magnetic s q a r a t i o n  work w i l l  5 e  con t inued  i n  o r d e r  t o  supp ly  

samples t o  t h o s e  l a b o r a t o r i e s  r e q u i r i n g  them i n  t h e i r  s e a r c h  

f o r  cosmogenic n u c l i d e s .  Magnetic s e 2 a r a t i o n s  f o r  s p h e r u l e s  

€or  ou r  own c o l l e c t i o n s  will be cont inued  c o n c u r r e n t l y .  

Microscopic  s e a r c h  of t h e  50-micron nonmagnetic f r a c -  

t i o n s  o f  r e d - c l a y  c o r e s  will be cont inued .  

B. P o l i s h e d - s e c t i o n  examinat ions ,  

P e e l  s t u d i e s  have been resurced and r e su l t s  w i l l  be re -  

p o r t e d  i n  t h e  f u t u r e .  

C, Trawlin: c o l l e c t i o n s  a r e  bein; nnde c o n t i n u a l l y  by t h e  

VEMA, and examinat ion of them f o r  z x t r a t c r r e s t r i a l  m a t e r i a l  

w i l l  con t inue .  

D. Nondes t ruc t ive  r a d i o a c t i v a t i o n  a n a l y s i s .  

I r r a d i a t i o n  w i l l  be  made i n  t h e  v e r t i c a l  t u b e  f a c i l i t y  

c l o s e r  t o  t h e  core and f o r  l once r  Cura t ions .  Longer d u r a t i o n  

runs  will a l s o  be made i n  t h e  r a b b i t  f a c i l i t y .  Beta-count ing  

will be a t t empted ,  r e l y i n 2  on i d e n t i f i c a t i o n  by h a l f - l i f e  

decay . 
E .  idodel s t u d i e s ,  

Effects  on the  ocean f l o o r  o f  the i n ? a c t  o f  c r a t e r - p r o d u c i n g  

m e t e o r i t e s  on t h e  ocean s u r f a c e  a r e  n o t  known, and a nodel  s t u d y  
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i s  proposed t o  t r y  t o  d u p l i c a t e  t h e s e  c o n d i t i o n s  on a s m a l l  

s c a l e  . 
PETN 400 P r inacord  w i l l  be  used i n  t h e  proposed expe r imen ta l  

s e t u p .  This  f u s e  t y p e  d e t o n a t e s  e x p l o s i v e l y  a t  a speed of 5 o r  

more km/sec., and must produce a shock wave ahead of t h e  t r a -  

v e l i n g  d e t o n a t i o n  p o i n t .  I t  i s  expec ted  t h a t  t h i s  w i l l  s i m u l a t e  

t h e  shock f r o n t  t r a v e l i n g  j u s t  ahead of a f a l l i n g  n e t e o r i t e .  

I n  t h e  e x p e r i n e n t a l  arrangement ,  one - foo t  l e n g t h s  of  f u s e  w i l l  

be suspended bo th  above, and j u s t  below, t h e  s u r f a c e  of a poo l  

of  w a t e r  of v a r y i n g  dep th ,  

plus-shock-wave c r a t e r i n z  w i l l  b e  caused i n  t h e  w a t e r  s u r f a c e ,  

and any e f f e c t s  produced i n  t h e  mud u n d e r l y i n g  t h e  wa te r  w i l l  

be  n o t e d  ( s e e  diagram, F ig .  5 )  , 

Shock-wave c r a t e r i n g  and exp los ion -  

The pro?osed exper iments  should p r o v i d e  g e n e r a l  i n fo rma t ion  

I t o  u s e  i n  i n t e r p r e t i n g  f e a t u r e s  of  unknown o r i g i n  no ted  on t h e  

ocean f l o o r ,  
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